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ABSTRACT  7 
 8 
Background: It is possible that physical inactivity and prolonged sitting could lead to changes in 9 
muscle properties or bony limitations which may reduce passive hip extension.  10 
Objectives: This study explored the association between passive hip extension and sitting/physical 11 
activity patterns. 12 
Design: Cross sectional study  13 
Method: The modified Thomas Test is a clinical test used to characterize hip flexion contracture. 14 
This test was used to measure passive hip extension across 144 individuals. In addition, sitting 15 
behaviours and physical activity patterns were quantified using the Global Physical Activity 16 
Questionnaire. Cut off points were defined for low/high physical activity (150 min per week), 17 
prolonged sitting (>7 hours per day) and minimal sitting (<4 hours per day). ANOVA testing was 18 
then used to compare passive hip extension between three groups, defined using the specified 19 
thresholds: low activity & prolonged sitting, high activity & minimal sitting and high activity & 20 
prolonged sitting. 21 
Results: A total of 98 participants were allocated to one of the three groups which were shown to 22 
differ significantly in passive hip extension (P<0.001).  Importantly, there was 6.1° more passive hip 23 
extension in the high activity & minimal sitting group when compared to the low activity & 24 
prolonged sitting group 25 
Conclusion: This study is the first to demonstrate an association between passive hip extension and 26 
prolonged sitting/physical inactivity. It is possible that these findings indicate a physiological 27 
adaptation in passive muscle stiffness. Further research is required to understand whether such 28 









Sitting is the most common sedentary behavior of adults and is negatively associated with 38 
health outcomes (Hamilton et al. , 2008). Sitting increases the risk of cardiovascular disease, 39 
diabetes and premature death (Dunstan et al. , 2012). Prolonged sitting has also been shown to be 40 
related to musculoskeletal health. For example, research has demonstrated a positive association 41 
between total time spent sitting and the intensity of low back pain in blue collar workers (Gupta et 42 
al. , 2015). Studies investigating other types of musculoskeletal pain illustrate similar patterns, such 43 
as a link between the prevalence of neck-shoulder pain daily sitting time (Hallman et al. , 2015) and 44 
an association between upper quadrant musculoskeletal pain and sitting duration (Brink and Louw, 45 
2013). These studies do not provide definitive insight into cause and effect as people with increased 46 
musculoskeletal pain may choose to sit more. However, they do motivate further research which 47 
should investigate physiological mechanisms which might underlie causal relationships between 48 
prolonged sitting and musculoskeletal pain.  49 
Several mechanisms may underlie the observed association between prolonged sitting and 50 
musculoskeletal pain. These include muscular fatigue from continuous activation of postural 51 
support muscles (Corlett, 2006) or poor posture in sitting positions, leading to increased stress on 52 
anatomical structures (Lau et al. , 2010). Another potential mechanism is that prolonged sitting may 53 
lead to adaptive changes in passive tissue stiffness or osseous restriction which may, in turn, lead 54 
to postural malalignment and/or movement dysfunction. In sitting, the hip is flexed to 55 
approximately 90°, placing the hip flexor muscles in a slack position. It is therefore feasible that 56 
prolonged sitting could lead to an increase in passive muscle stiffness, or in osseous changes, which 57 
create a hip extension deficit, limiting passive hip extension. Such a change may increase anterior 58 
pelvic tilt (Preece et al. , 2020), changing the alignment of the lumbar spine (Glard et al. , 2005) and 59 
increasing the loads on the spine. However, at present it is not clear whether prolonged sitting is 60 
associated with differences in passive hip extension. 61 
 Changes in passive stiffness and/or muscle length can occur through several mechanisms. 62 
These include a decrease in the number of in series sarcomeres (Baker and Matsumoto, 1988) or a 63 
change in the stiffness of connective tissue (Wisdom et al. , 2015). Interestingly, it has been shown 64 
that women who regularly wear high heeled shoes demonstrate shorter muscle fascicle lengths of 65 
the gastrocnemius muscle and reduced ankle range of motion (Csapo et al. , 2010). This finding 66 
illustrates that chronic understretch of muscles can lead to increased passive stiffness. However, 67 
while chronic understretch is associated with a reduction in muscle length (Wisdom, Delp, 2015), 68 
regular participation in exercise which involves a stretch-shorten cycle, such as walking, could offset 69 
the effect of prolonged sitting. In line with this idea, it is possible that prolonged sitting, combined 70 
with low physical activity levels, could be associated with an increase in the passive stiffness of the 71 
hip flexor muscles.  72 
 The modified Thomas Test (TT) is a commonly used clinical test which can be used to assess 73 
passive hip extension (Kim and Ha, 2015, Vigotsky et al. , 2016). With this test, the patient lies supine 74 
with the non-tested knee held against the chest and the tested limb hanging freely off the end of 75 
the examination table. If the tested limb is inclined above the horizontal, this indicates 76 
shorter/stiffer hip flexor muscles (iliacus, psoas, rectus femoris, anterior portion of gluteus medius, 77 
tensor fascia latae, adductor longus and pectineus) or osseous/capsular restriction at the hip. In 78 
contrast, if the limb is inclined below the horizontal, this indicates longer/more compliant hip flexor 79 
muscles and no bony restriction. Interestingly, a large degree of inter-individual variability in the TT 80 
has been observed in healthy people, with one study reporting a range more than 22° in thigh 81 
inclination across a cohort of 24 young men (Moreside and McGill, 2012). Given the potential for 82 
physiological adaptation, it is possible that some of this inter-individual variability in passive stiffness 83 
could be the result of daily sitting patterns and physical activity levels.  84 
 Although the potential exists for prolonged sitting/physical activity to impact on passive hip 85 
flexibility, there has been minimal research aimed at understanding potential associations. To date, 86 
there has been one study investigating the association between sitting/physical activity and thoracic 87 
spine mobility (Heneghan et al. , 2018). However, this study did not include any measure of passive 88 
hip extension. Therefore, the aim of this current study was to investigate the association between 89 
passive hip extension (characterized by the TT) and prolonged sitting/physical activity. We 90 
hypothesised  that prolonged sitting would be associated with reduced passive hip extension and 91 
that higher levels of physical activity would be associated with increased passive hip extension.  92 
  93 
MATERIALS AND METHODS 94 
Participants 95 
A cross sectional study design was selected to address the research objective. Participants 96 
were recruited from two locations, a university and a large commercial organisation, in order to 97 
ensure a large dispersion in sitting behaviour and physical activity status. All participants gave 98 
written consent to participate and ethical approval was obtained from the university ethics 99 
committee (Reference: HST1819-358). Participants were invited to participate if they were aged 100 
between 18-65 years and had a BMI below 30. Exclusion criteria included pregnancy, a pre-existing 101 
lower quadrant musculoskeletal condition or a medical co-morbidity that hindered the ability to lie 102 
supine.  103 
A sample size estimate was performed with the g-power software based on an estimated 104 
effect size of 0.75 SD, a critical α=0.05 and a power of 0.8. A previous study reporting normative 105 
data on TT hip extension in a healthy population suggests a SD of 6° for a homogeneous group who 106 
would be considered to lie within a central range (Moreside and McGill, 2012). We assumed a similar 107 
SD in each of our groups. With 30 in each group, this study was powered to detect a difference of 108 
4.5° between groups. 109 
 110 
Measurements 111 
Following anthropometric measurements, each participant independently completed the 112 
Global Physical Activity Questionnaire (GPAQ) (Chu et al. , 2015). For this questionnaire, participants 113 
were asked to record the intensity, frequency and duration of each of the three domains in which 114 
physical activity is performed; occupational physical activity, transport-related physical activity, and 115 
physical activity during leisure time. This was completed over a typical 7-day week. Sedentary 116 
behaviour was recorded as time spent in sitting activities throughout the day, again over a typical 117 
7-day week. To ensure an accurate measure of time spent sitting, the sedentary behaviour section 118 
of the GPAQ was modified to break the day into three periods (morning, working day, evening) 119 
which together were summed to provide a measure of total daily sitting time. To minimise bias, the 120 
researcher who carried out the physical testing (see below) was blinded to the results of the GPAQ 121 
questionnaire and had no knowledge of participant’s daily sitting patterns or physical activity levels.  122 
The TT, described in the introduction, was used to measure passive hip extension. The TT 123 
has accepted face-validity for use as a measurement tool in research (Gabbe et al. , 2004). The TT 124 
was used in conjunction with an inclinometer and a pressure biofeedback cuff to stabilize the lumbo-125 
pelvic area in order to achieve consistency during hip measurement (Kim and Ha, 2015). For the TT, 126 
the participant was instructed to lie in a supine position with the lower gluteal folds maintained over 127 
the edge of the examination table. In this position, the pressure biofeedback cuff was inflated to 128 
100 mmHg. The participant was then instructed to hold their knees to their chest and then to slowly 129 
lower their tested leg over the edge of the examination table, keeping the knee relaxed. At the same 130 
time, the assessor ensured that the pressure biofeedback indicator did not drop below 60 mmHg. 131 
To measure the degree of hip extension, a digital goniometer was aligned between the greater 132 
trochanter and the lateral epicondyle of the knee (Figure 1). An attached spirit level was used to 133 
ensure the reference arm was horizontal.  134 
FIGURE 1 135 
 136 
The TT measurement was repeated three times on both sides with a 60 second rest between 137 
each test. Following the final TT measurement, the examiner applied a small stretch to the hip flexor 138 
muscles in the testing position, described above, by applying pressure to the knee of the tested 139 
limb. Pressure was applied until the participant reported a stretching sensation in the anterior hip 140 
and there was an observable increase in hip extension without a change in the pressure biofeedback 141 
indicator. This final procedure was performed separately on each side to reduce the likelihood that 142 
the limitation in passive hip extension, measured with the TT, was a result of osseous limitation. All 143 
measurements were performed by the same author (AB) and a repeatability study was performed 144 
prior to the main study to determine the consistency of the TT. For this repeatability study, passive 145 
hip extension measurements from five individuals were taken on two separate testing sessions, four 146 
days apart. These repeated data showed an intraclass correlation coefficient of 0.9 and a standard 147 
error in the mean of 0.5°. 148 
 149 
Statistical analysis  150 
Following data collection, separate groups were defined using two cut off points for sitting 151 
patterns: minimal (≤4 hours per day) & prolonged (≥7 hours per day) and two cut off points for 152 
physical activity patterns: low (<150 mins per week) & high (≥150 mins per week). These cut off 153 
points were chosen to be consistent with a previous observational study, investigating the 154 
association between sedentary behaviour and thoracic spine mobility (Heneghan, Baker, 2018) and 155 
other published guidelines on minimum thresholds for physical activity (Steene-Johannessen et al. 156 
, 2016). Using the sitting and physical activity thresholds, three separate groups were defined:  157 
Group 1: Low activity & prolonged sitting 158 
Group 2: High activity & minimal sitting  159 
Group 3: High activity & prolonged sitting 160 
One-way analysis of covariance (ANCOVA) was used to understand whether hip flexor length 161 
differed between the three groups, with age included as a covariate. Where ANCOVA testing 162 
showed a significant effect, Bonferroni post hoc testing was used to explore pairwise group 163 
differences. Pearson’s correlation analysis was then used to evaluate the relationship between 164 
sitting duration and TT hip extension and the relationship between physical activity duration and TT 165 
hip extension. Statistical significance was defined using a critical α=0.05. Data was analysed using 166 




A total of 144 participants from two locations were recruited and tested. From this total 171 
cohort, 98 (49 male) participants satisfied the criteria for one of the three groups and were 172 
included in the final statistical analysis (Table 1). The mean (SD) age of the 98 participants was 36 173 
(13) years and mean (SD) BMI was 24.1 (3.1) kgm-2. Despite minimal differences in demographic 174 
characteristics (Table 1), TT hip extension was significantly different between the three groups 175 
(p<0.001, Figure 2). Specifically, participants in group 1 (low activity & prolonged sitting) had 6.1° 176 
less TT hip extension than group 2 (high activity & minimal sitting), a difference which was found 177 
to be significant on pairwise testing (p<0.001). However, the other two pairwise differences failed 178 
to reach significance. Specifically, the difference between the high activity/minimal sitting and 179 
high activity/prolonged sitting groups was 3.7° (p=0.08) and the differences between the low 180 
activity/prolonged sitting and high activity/prolonged sitting groups was 2.4° (p=0.28).    181 
 182 
FIGURE 2 & TABLE 1 HERE 183 
 184 
           Across the whole cohort, a low but statistically significant correlation was found between 185 
TT hip extension angle and exercise duration (r=0.35, p<0.01). A similar low correlation was also 186 
observed between hip extension angle and sitting duration (r=-0.28, p<0.01). Tables 2 and 3 187 
provide a summary of the distribution of physical activity level and sitting duration respectively 188 
across the three groups. These data illustrate the range of activity and sitting patterns across the 189 
whole cohort and within each individual group.  190 
 191 
 192 
TABLE 2 & TABLE 3 HERE 193 
DISCUSSION  194 
 195 
   The aim of this study was to explore the association between prolonged sitting/physical 196 
activity and passive hip extension. In line with our hypothesis, the data demonstrated that people 197 
who are inactive and sit for long periods each day have lower levels of passive hip extension when 198 
compared to active people who spend less time sitting. Our motivation for this study was based on 199 
the idea that physical inactivity and prolonged sitting could lead to increased passive stiffness in 200 
the hip flexor muscles. While we took steps to minimise the potential for osseous mechanisms to 201 
influence our measure of passive hip extension, it is not possible to completely rule out the 202 
potential influence of bony restriction. Furthermore, as our study was cross sectional in nature, it 203 
does not demonstrate causality. Nevertheless, these findings indicate the potential for 204 
physiological change in the hip flexor muscles in people who are sedentary and sit for prolonged 205 
periods.  206 
 207 
The data also indicated that, in the participants who sat for prolonged periods (group 1 and 3), 208 
there was increased passive hip extension in those who were more active (Figure 2). However, this 209 
difference failed to reach significance. Therefore, while it is possible that increasing activity levels 210 
may offset the effect of prolonged sitting to some degree, there appears to be some effect of 211 
prolonged sitting even in those who are more active. 212 
 213 
In their recent study, Heneghan et al. (2018), sought to understand the association between 214 
prolonged sitting/physical activity levels and the mobility of the thoracic spine. Like the current 215 
study, they showed that prolonged sitting (>7 hours per day) and low levels of activity (<150 min 216 
per week) were associated with a lower range of active rotation of the thoracic spine. Although this 217 
finding may indicate larger intrinsic spinal stiffness in people who are less active, it may also indicate 218 
more passive stiffness in abdominal muscle structures which are required to lengthen to facilitate 219 
thoracic rotation. The findings of the current study show that decreased passive hip extension is 220 
associated with prolonged sitting. Taken alongside the results of Heneghan et al. (2018), the data 221 
may indicate that both hip flexor and abdominal muscles are shorter/stiffer in people who sit for 222 
prolonged periods and who are inactive.  223 
 224 
There are several physiological mechanisms which, in the absence of bony restriction, may 225 
underlie the observation of reduced passive hip extension in the group who were inactive and sat 226 
for prolonged periods. Firstly, it is possible that prolonged sitting and physical inactivity may lead to 227 
an increase in the stiffness of connective tissue, which can occur at both the subcellular and the 228 
tissue level of the muscle (Wisdom, Delp, 2015). At the subcellular level, the protein titin connects 229 
myosin filaments to the z-disc and is believed to be the major contributor to passive muscle stiffness 230 
along the fiber direction (Gajdosik, 2001). Research suggests that titin may adapt to different loading 231 
patterns and has been shown to become less elastic with induced unloading in animal models (Goto 232 
et al. , 2003). At the tissue level, the extracellular matrix, which consists primarily of collagen, 233 
contributes significantly to the passive mechanical properties of muscle (Smith et al. , 2011). It is 234 
well-established that the mechanical properties of the extracellular matrix are dependent on 235 
loading  patterns (Kjaer, 2004) and it is feasible that it may become stiffer with lower levels of 236 
physical activity. 237 
 238 
Our observation of decreased TT hip extension may also indicate a reduction in the number 239 
of in series sarcomeres in people who lead more sedentary lifestyles. Fine wire EMG studies of the 240 
psoas and iliacus muscles have shown that these two hip flexor muscles are active during sitting 241 
(Andersson et al. , 1995) but that activation is dependent on the sitting posture adopted (Park et al. 242 
, 2013). It is therefore possible that in some individuals, these muscles undergo a shortening 243 
adaptation, with a reduction in the number of sarcomeres in series in order to reduce the length at 244 
which maximum force production occurs (Wisdom, Delp, 2015). Such adaptation may enhance 245 
postural control in sitting, enabling the hip flexors muscles to function at a shorter length, however, 246 
this may lead to altered postural control in standing, potentially increasing anterior rotation of the 247 
pelvis (Preece, Fang, 2020). Importantly, although we observed differences at a group level, 248 
bivariate correlations were relatively low, suggesting the influence of other factors. Given the 249 
dependence of hip flexor activation on sitting posture (Park, Tsao, 2013), it is possible that a 250 
reduction in the number of in series sarcomeres occurs more readily in individuals who have higher 251 
muscle activation levels in sitting. Clearly further research is required to explore this idea and 252 
understand the influence of hip flexor activation in sitting on long-term changes in passive muscle 253 
stiffness. 254 
 255 
Several epidemiological studies have linked musculoskeletal pain with prolonged sitting 256 
(Brink and Louw, 2013, Gupta, Christiansen, 2015, Hallman, Gupta, 2015, Kim, 2019). Our data show 257 
that prolonged sitting is associated with reduced passive hip extension and it is possible that such a 258 
changes could play a role in mechanisms of chronic musculoskeletal pain. This study therefore 259 
motivates further work which should explore potential links between sedentary behaviour, adaptive 260 
muscle shortening/stiffening, osseous restriction and musculoskeletal pain. Our data do not 261 
demonstrate causality. However, it is unlikely that reduced passive hip extension is driving 262 
behavioural choices in daily sitting habits, many of which are determined by the nature of an 263 
individual’s occupation. It is therefore reasonable to make tentative clinical recommendations that 264 
patients who demonstrate limited hip extension on passive testing be encouraged to increase 265 
participation in physical activity and minimise periods of prolonged sitting. 266 
 267 
There are several limitations to this study which should be highlighted. Firstly, we used a 268 
clinical technique, the TT, to measure passive hip extension. This limits our ability to make definite 269 
conclusions about muscle stiffness/length because this test does not exclusively assess 270 
musculotendinous structure. However, we took steps to minimise the potential impact of bony 271 
restriction, building on a protocol which has shown to be been valid (Vigotsky, Lehman, 2016) and 272 
reliable (Kim and Ha, 2015). Whilst the range of passive hip extension found in this study was similar 273 
to that observed by Moreside and McGill (2012), further research is required using imaging 274 
techniques to fully understand the potential influence of bony restriction in individuals who report 275 
no pain. Secondly, we used a questionnaire to quantify physical activity patterns which can lead to 276 
recall bias, underestimation or overestimation. Nevertheless, three separate groups were defined 277 
using appropriate cut off points for sitting/physical activity patterns and individuals who did not 278 
meet these criteria were excluded. Future work could be carried out using objective quantification 279 
of temporal sitting/activity patterns and this may provide further insight into the link between 280 
sedentary behaviour and passive hip extension.  281 
 282 
In our cohort of healthy volunteers, we observed limited passive hip extension in people who 283 
sat for prolonged periods and were inactive. It is possible that this observation reflects an increase 284 
in passive stiffness of the hip flexor muscles which may be a physiological adaptation to prolonged 285 
sitting. Our data may indicate that increasing levels of physical activity could offset, to some degree, 286 
this physiological adaptation. However, further research is required to fully understand the links 287 
between sitting behaviour, muscle adaptation, osseous restriction and physical activity. It is possible 288 
that such research may provide new insight into the aetiology of musculoskeletal pain associated 289 




Andersson E, Oddsson L, Grundstrom H, Thorstensson A. The role of the psoas and iliacus muscles 294 
for stability and movement of the lumbar spine, pelvis and hip. Scandinavian journal of medicine & 295 
science in sports. 1995;5:10-6. 296 
Baker JH, Matsumoto DE. Adaptation of skeletal muscle to immobilization in a shortened position. 297 
Muscle & nerve. 1988;11:231-44. 298 
Brink Y, Louw QA. A systematic review of the relationship between sitting and upper quadrant 299 
musculoskeletal pain in children and adolescents. Manual Therapy. 2013;18:281-8. 300 
Chu AH, Ng SH, Koh D, Muller-Riemenschneider F. Reliability and Validity of the Self- and 301 
Interviewer-Administered Versions of the Global Physical Activity Questionnaire (GPAQ). PloS one. 302 
2015;10:e0136944. 303 
Corlett EN. Background to sitting at work: research-based requirements for the design of work seats. 304 
Ergonomics. 2006;49:1538-46. 305 
Csapo R, Maganaris CN, Seynnes OR, Narici MV. On muscle, tendon and high heels. The Journal of 306 
experimental biology. 2010;213:2582-8. 307 
Dunstan DW, Howard B, Healy GN, Owen N. Too much sitting--a health hazard. Diabetes research 308 
and clinical practice. 2012;97:368-76. 309 
Gabbe BJ, Bennell KL, Wajswelner H, Finch CF. Reliability of common lower extremity 310 
musculoskeletal screening tests. Physical Therapy in Sport. 2004;5:90-7. 311 
Gajdosik RL. Passive extensibility of skeletal muscle: review of the literature with clinical 312 
implications. Clinical biomechanics (Bristol, Avon). 2001;16:87-101. 313 
Glard Y, Launay F, Viehweger E, Guillaume JM, Jouve JL, Bollini GR. Hip flexion contracture and 314 
lumbar spine lordosis in myelomeningocele. Journal of Pediatric Orthopaedics. 2005;25:476-8. 315 
Goto K, Okuyama R, Honda M, Uchida H, Akema T, Ohira Y, et al. Profiles of connectin (titin) in 316 
atrophied soleus muscle induced by unloading of rats. Journal of applied physiology (Bethesda, Md 317 
: 1985). 2003;94:897-902. 318 
Gupta N, Christiansen CS, Hallman DM, Korshoj M, Carneiro IG, Holtermann A. Is objectively 319 
measured sitting time associated with low back pain? A cross-sectional investigation in the NOMAD 320 
study. PloS one. 2015;10:e0121159. 321 
Hallman DM, Gupta N, Mathiassen SE, Holtermann A. Association between objectively measured 322 
sitting time and neck-shoulder pain among blue-collar workers. International archives of occupational 323 
and environmental health. 2015;88:1031-42. 324 
Hamilton MT, Healy GN, Dunstan DW, Zderic TW, Owen N. Too Little Exercise and Too Much 325 
Sitting: Inactivity Physiology and the Need for New Recommendations on Sedentary Behavior. 326 
Current cardiovascular risk reports. 2008;2:292-8. 327 
Heneghan NR, Baker G, Thomas K, Falla D, Rushton A. What is the effect of prolonged sitting and 328 
physical activity on thoracic spine mobility? An observational study of young adults in a UK 329 
university setting. BMJ open. 2018;8:e019371. 330 
Kim GM, Ha SM. Reliability of the modified Thomas test using a lumbo-pelvic stabilization. Journal 331 
of physical therapy science. 2015;27:447-9. 332 
Kim SD. Association between sitting time and orthopedic conditions in Korean older adults. Geriatric 333 
Nursing. 2019;40:629-33. 334 
Kjaer M. Role of extracellular matrix in adaptation of tendon and skeletal muscle to mechanical 335 
loading. Physiological reviews. 2004;84:649-98. 336 
Lau KT, Cheung KY, Chan KB, Chan MH, Lo KY, Chiu TTW. Relationships between sagittal 337 
postures of thoracic and cervical spine, presence of neck pain, neck pain severity and disability. 338 
Manual Therapy. 2010;15:457-62. 339 
Moreside JM, McGill SM. Hip joint range of motion improvements using three different 340 
interventions. Journal of strength and conditioning research. 2012;26:1265-73. 341 
Park RJ, Tsao H, Claus A, Cresswell AG, Hodges PW. Changes in Regional Activity of the Psoas 342 
Major and Quadratus Lumborum With Voluntary Trunk and Hip Tasks and Different Spinal 343 
Curvatures in Sitting. Journal of Orthopaedic & Sports Physical Therapy. 2013;43:74-82. 344 
Preece S, Fang F, Alghamdi T, Frances A. Hip flexor stretching decreases pelvic tilt in relaxed 345 
standing. Journal of Manipulative and Physiological Therapeutics (provisionally accepted). 2020. 346 
Smith LR, Lee KS, Ward SR, Chambers HG, Lieber RL. Hamstring contractures in children with 347 
spastic cerebral palsy result from a stiffer extracellular matrix and increased in vivo sarcomere length. 348 
The Journal of physiology. 2011;589:2625-39. 349 
Steene-Johannessen J, Anderssen SA, van der Ploeg HP, Hendriksen IJ, Donnelly AE, Brage S, et al. 350 
Are Self-report Measures Able to Define Individuals as Physically Active or Inactive? Medicine and 351 
science in sports and exercise. 2016;48:235-44. 352 
Vigotsky AD, Lehman GJ, Beardsley C, Contreras B, Chung B, Feser EH. The modified Thomas test 353 
is not a valid measure of hip extension unless pelvic tilt is controlled. PeerJ. 2016. 354 
Wisdom KM, Delp SL, Kuhl E. Use it or lose it: multiscale skeletal muscle adaptation to mechanical 355 
stimuli. Biomechanics and modeling in mechanobiology. 2015;14:195-215. 356 
 357 
Funding 358 
This research did not receive any specific grant from funding agencies in the public, commercial, or 359 
not-for-profit sectors 360 
  361 
 362 













Figure 1:  Testing protocol for the modified Thomas Test (TT). 376 
  377 
 378 
 379 
Figure 2:  Mean (SD) Thomas Test (TT) hip extension for the three groups (Group 1: low activity & 380 
prolonged sitting, Group 2: high activity & minimal sitting, Group 3: high activity and prolonged 381 
sitting). The horizontal line indicates statistical significance, p<0.001. 382 
  383 
 384 
 385 
 Group 1  
Low activity & 
prolonged sitting 
Group 2 
High activity & 
minimal sitting 
Group 3 




38 30 30 
Age, mean (SD) 37 (14) years 37 (12) years 35 (13) years 
Gender (women%) 50 50 50 
BMI, mean (SD) 23.7 (3.1) kgm-2 24.1 (3.6) kgm-2 24.5 (2.7) kgm-2 
TT hip extension 
angle, mean (SD) 
-1.4° (6.7°) 4.7° (6.5°) 1.0° (5.3°) 
 386 
TABLE 1: Demographic characteristics and passive hip extension measurements of the three 387 
groups 388 






Low activity & 
prolonged sitting.  
n=38 
Group 2 
High activity & 
minimal sitting.  
n=30 
Group 3 
High activity & 
prolonged sitting.  
n=30 
0-30 16 - - 
30-60 5 - - 
60-90 5 - - 
90-150 12 - - 
150-180  6 18 
180-210  7 6 
210-240  6 2 
240+  11 4 
 391 
TABLE 2: The distribution of physical activity for the three groups. The value in each column shows 392 
the number of participants within the corresponding range of physical activity.  393 
  394 
 395 
Sitting duration 
(hours per day) 
Group 1 
Low activity & 
prolonged sitting.  
(n=38) 
Group 2 
High activity & 
minimal sitting.  
(n=30) 
Group 3 
High activity & 
prolonged sitting.  
(n=30) 
0-2 - - - 
2-4 - 27 - 
4-6 - 3 - 
6-7 - - - 
7-8 9 - 12 
8-9 7 - 5 
9-10 9 - 6 
10+ 19 - 7 
 396 
 397 
TABLE 3: The distribution of sitting duration for the three groups. The value in each column shows 398 
the number of participants within the corresponding range of sitting duration.  399 
 400 
